INTRODUCTION
The Torquay Basin, southern Victoria, is mostly an offshore basin, but a small part occurs onshore adjacent to the Otway Ranges. It extends for 30 km northeastwards from Anglesea and Torquay, and merges across the Paraparap High with the northeastern Port Campbell Embayment of the Otway Basin (Figure 1) . Offshore, the Torquay Basin is separated from the Bass Basin to the east by the shallow Mornington -King Island basement ridge. Geographically to the north the Torquay Basin is separately distinguished from the Port Phillip Basin by the Nepean Peninsula, although no structural divide exists (Abele et al. 1988) (Figure 1 ). The Torquay Basin is bounded to the south by the Cape Otway -King Island basement ridge that separates it from the Otway-Sorell Basin (Figure 1 ). Offshore seismic data indicate that the Torquay Basin is comprised of a central deep area with the Snail Terrace on the eastern side (Trupp et al. 1994) . The full Tertiary section offshore is intersected in three wells: Nerita 1, Snail 1 and Wild Dog 1.
Over a distance of 30 km, near-continuous coastal cliff sections expose the Tertiary succession between Eastern View in the south and Torquay in the north (Figures 2, 3) . The cliff sections expose parts of the basal beds of the nonmarine Eastern View Group in the south, the upper Demons Bluff Group succession of marginal marine clastics and volcanics around Anglesea, and the fully marine Torquay Group carbonates near Torquay in the north (Figure 2 ).
Inland from the township of Anglesea, brown-coal deposits of the Eastern View Group are mined by opencut methods. Up to 1 Mt of brown coal is produced annually to supply fuel to the adjacent Alcoa coal-fired power station. The mining has exposed, over a strike length of 2 km, a 35 m-thick coal seam at the base, and up to 80 m of overburden sandstone, siltstone, carbonaceous shale and minor coal. These excellent exposures reveal the relationship between the Eocene upper units of the Eastern View Group, the overlying Boonah Formation, and the lower units of the Salt Creek and Anglesea Formations.
The coal-bearing strata of the Anglesea area have received little attention in recent times, with the most descriptive references being Crespin (1952, 1955) , Gloe (1971) and Abele (1979) . More recent papers concentrate mostly on describing the Palaeogene to Neogene carbonate successions of the area (Abele et al. 1988; Reeckmann & Partridge 1988; George & Wallace 1992; Reeckmann 1994) . The relationship between the Eastern View Group exposed in the Anglesea coal mine and the deeper stratigraphy has not been published previously, and can now be re-interpreted using recent deep aquifer drilling and age dating in the area. The mine exposures also provide a record of the Boonah Formation, the Salt Creek Formation (new name), and the lower beds of the Anglesea Formation not seen in coastal outcrops.
All coal and oil exploration, groundwater and stratigraphic drilling results have been compiled. From this, the onshore basin can be structurally divided from south to north into the southeast-plunging Anglesea Syncline, the east-pitching Bald Hills Anticline, the eastplunging Bells Beach Syncline and the Paraparap High (all new structural names) (Figures 1-3) . Some of these structures lack surface expression and for that reason have not been previously recognised. The new structures can also be seen on the Barwon Seismic Survey Lines BA92-400, 402, 403, 405, 407 and 409 (Gas and Fuel Corporation 1992) .
The specific objectives of this study are to: (i) summarise the bore and well data, including coal lithotype and coalquality data; (ii) present a stratigraphic correlation of the Eastern View Group coal seams, and the overlying Boonah Formation, Salt Creek Formation and Anglesea Formation; (iii) establish the deeper stratigraphy at Anglesea in the context of regional correlations; and (iv) present a sequence-stratigraphic analysis of the Eastern View and Demons Bluff Groups.
DATA SOURCES AND DEFINITIONS
The regional stratigraphic interpretations rely essentially on coal/groundwater bore cores, cutting logs, and oil-well data. We carried out most of the interpretations of downhole geophysical logs. The database is derived from several sources.
State Electricity Commission of Victoria and Geological Survey of Victoria databases
The State Electricity Commission of Victoria and the Geological Survey of Victoria coal, stratigraphic and groundwater bore databases are the primary sources for coal data in Victoria and include the results for more than 200 bores in the Anglesea area. For the regional studies, selection of approximately 100 key and/or better sampled and geophysical logged bores was made. Of particular use were the series of coal bores drilled by Western Mining Corporation under the Hootzpa Program in the 1980s (Meyer 1982a) ; and the deep stratigraphic and groundwater drilling carried out by HydroTechnology P/L in the early 1990s (Stanley 1994) . Two coal lithotype bores were logged by the State Electricity Commission of Victoria for coal-tooil conversion studies in the Anglesea coal mine (Higgins et al. 1981) .
Oil company well data
In the onshore Torquay Basin, Hindhaugh Creek 1 and Anglesea 1 have geophysical logs together with some coring and cuttings samples. Petroleum exploration is concentrated mainly in the offshore part of the basin where three wells are located (Nerita 1, Snail 1 and Wild Dog 1). Coal-rank determinations exist through vitrinite reflectance measurements in some wells.
Lithology definitions
The coals are all soft to hard brown coals, with in situ moisture content between 44% and 48%. Most coals would be classified in the American ASTM classification system (ASTM 1979) as falling within the Lignite B range. In the more deeply buried areas near the coast and offshore, this rank may increase.
GENERAL STRATIGRAPHY
The Tertiary stratigraphy of the Torquay Basin comprises the largely non-marine Paleocene to Eocene Eastern View Group unconformably overlying the Lower Cretaceous Otway Group (Abele et al. 1988) . The Eastern View Group in turn is overlain by marginal marine and volcanic sediments of the Eocene to Oligocene Demons Bluff Group, and Oligocene to Miocene Torquay Group (Figure 4 ). In the adjacent Otway Basin, the Wangerrip Group exhibits similarities to the Eastern View Group, but lacks the younger coaly beds. The Demons Bluff Group is equivalent in age to the Nirranda Group, and the Torquay Group is a time and facies equivalent to the Heytesbury Group (Abele et al. 1988) . Crespin (1952, 1955) first defined the Eastern View Group as the Eastern View Coal Measures with a Boonah Sandstone interval at the top. These units were redefined by Abele (1968) as the Eastern View Formation. The formation was given group status by Trupp et al. (1994) . The Eastern View Group comprises a largely non-marine to paralic succession of brown coal, shale and sandstone that is over 500 m thick at the core of the Anglesea Syncline (Figure 3) . The formation thins to the north and northwest over the Paraparap and Bellarine Highs (Figures 1-3 between the Eastern View and Demons Bluff Groups with the Boonah Formation forming the basal unit of the Demons Bluff Group. Crespin (1952, 1955) first defined the Demons Bluff Formation and subdivided it into the Anglesea Siltstone, Addiscott Greywacke and Angahook Members. Later the first two were redefined by Singleton (1973) as the Lower and Upper Members of the Anglesea Sand. Reeckmann (1979) gave the Angahook Member formation status. The Demons Bluff Group was introduced by Trupp et al. (1994) .
New mapping by the authors in Alcoa's Anglesea coal mine has identified a thick sandstone interval separated from the mined coal seams below by a low-angle unconformity. This sandstone unit is referred to in this paper as the Boonah Formation. Similar to the offshore area, the Boonah Formation is considered a basal member of the Demons Bluff Group. We introduce a new unit, the Salt Creek Formation, to describe middle (coaly) units of the Anglesea coal mine overburden not seen in outcrops on the coast. Using mine exposures, borehole data and by remeasuring the coastal outcrops, we have redefined the Anglesea Formation to include the upper beds in the Anglesea mine overburden. We also restore the Addiscott Formation in the coastal outcrops. The new terminology is shown in Figure 4 , described below, and is formally defined in Appendix 1.
STRUCTURE AND STRATIGRAPHY OF THE ANGLESEA AREA
Most of the significant coal seams of the Eastern View Group occur in the upper parts of the group. In the Anglesea area, the coal seams are folded by the Anglesea Syncline, the axis of which plunges south below the Anglesea township into the offshore Torquay Basin (Figures 2, 3, 5) . The mining of the coal seams occurs northwest of the township in the updip direction, where the seams are shallowest ( Figure 5 ). The uppermost and thickest A coal seam or A Group (George 1962) is up to 36 m thick and locally splits near the base into the A1 and A2 seams. The A Group coal seam has the lowest moisture content (44-48%) of any economic brown-coal deposit in Victoria. Based on palynological dating (Christophel et al. 1987) , the A Group coal seam lies within the Lower Nothofagidites asperus spore-pollen Zone. Unconformably overlying the A1 coal seam is the Boonah Formation, and/or carbonaceous clastic sediments belonging to the Middle N. asperus Zone Salt Creek Formation ( Figure 5 ).
Below the A Group coal seam, is a 20 m-thick coarse sandstone and minor claystone interval. It has been dated in nearby groundwater bores within the Proteacidites asperopolus spore-pollen Zone (Stanley 1994) . Beneath this unit for 60-70 m are a series of 2-15 m-thick B Group coal seams interbedded and laterally equivalent to shale and sandstone. Abele et al. 1988) This interval is dated in nearby groundwater bores within the Malvacipollis diversus spore-pollen Zone (Stanley 1994) . George (1962) subdivided the B Group coal seams into the B1, B2 and B3 seams. These seams were mined in the 1950s on the western flanks of the Anglesea Syncline in two Roche Brothers' opencuts, but are not exposed today ( Figure 5) .
The oldest C Group coal seams are separated from the B Group coal seams by a 10-15 m interval of fine sandstone and silty claystone that appear, on bore log cross-sections, to separate the two groups at a local disconformity (Holdgate 1996) . The C Group coal seams include a 20 m-thick seam at the top (the C1), which is best developed on the western flank of the Anglesea Syncline. In turn, C Group coals overlie a series of interbedded thin coal (<5 m thick), sandstone and shale over a stratigraphic interval of 60 m (Figures 5, 6 ). Fossils in nearby groundwater bores suggest that the C Group seams lie within the Lower Malvacipollis diversus spore-pollen Zone (Stanley 1994) .
Below the C Group coal seams a 100 m-thick interval of interbedded sandstone and shale overlies a 250 m succession of thick mudstone with basal coarse sandstone, over Otway Group arkosic sandstone. Palynological dating in nearby groundwater bores suggests that the strata below the C Group seam interval belongs to the Lygistepollenites balmei Zone (Stanley 1994) ( Figure 6 ).
To the north of the mine, the Anglesea Syncline merges against the prominent east-plunging Bald Hills Anticline. This anticline is interpreted to outcrop at the coast at Jarosite Headland, where it is expressed as a low-angle fold in beds of the Demons Bluff Group (Figures 2, 3) . The Otway Group was intersected near here at 135 m in WRC-121768 bore, overlain by 55 m of the Eastern View Group (mostly comprising the B Group seams and interseam sediments; Figure 6 ). Minor uneconomic coal seams occur north of the Bald Hills Anticline. In the adjacent Bells Beach Syncline, at bore WRC-119348, only the B and C Group coal seams are present towards the top of a 200 m-thick section of the Eastern View Group (Figure 6 ). Northwest of the Bells Beach Syncline the Eastern View Group appears to thin onto the Paraparap High where younger units, such as the Torquay Group, unconformably overlie the Otway Group (Figure 4 ).
In the offshore Torquay Basin, the thickness of the Eastern View Group in three wells varies from 30 m in Snail 1 on the Snail Terrace to 683 m in Nerita 1 in the basin centre. The formation includes meander-belt channel and distributary mouth bar sandstone interbedded with shale that constitutes up to 70% of the formation. Increasing marine influence towards the top of the group is interpreted by Trupp et al. (1994) .
BROWN COAL LITHOTYPES AND COAL QUALITY
Currently, Alcoa mines coal to supply the 150 MW station next to the opencut. The power produced is used for aluminium smelting at Point Henry near Geelong. Over 33 Mt of A Group coals have been mined since opencut development commenced in the 1960s and, at current extraction rates, enough coal reserves remain for a further 11 years. Coals of the B and C Group seams were once extracted by Roche Brothers from two pits west of the present mine for local Geelong power stations. Minor coal production at the Eastern View type section in Stony Creek was also obtained from the thin (<4 m) coal seams in the 1870s (Thomas & Baragwanath 1950) . Investigations into deepening the present Alcoa mine to extract coal from the underlying B and C Group seams have been carried out by Campbell (1970) and Gloe (1971) , but technical difficulties were presented by the intervening aquifer-pressured sands.
The A Group coal seam has the lowest in situ moisture content (44-48%) and the highest rank/highest net wet specific energy (13.2 MJ/kg) of any brown coal extracted in Victoria. The seam has a relatively high sulfur content of 3.8% (dry basis). The vertical distribution of sulfur is shown at 1 m intervals in Figure 7 in the old part of the mine. Peaks of sulfur up to 5% occur at the top and base of the seam, with other high peaks being associated with dark to medium dark coal lithotypes. The lighter lithotypes appear to have the lowest sulfur content at approximately 3.2%. The ash content of the A Group coal seam is 4-6% dry basis, with most of the ash comprising (in decreasing order of abundance) Al2O3, MgO, CaO, Fe2O3, SiO2, and traces of Na2O, K2O and TiO2 (Higgins et al. 1981; Gloe & Holdgate 1991) . Coal maceral analysis indicates a high vitrinite content (>95%), low liptinite (3%) and minor inertinite (0.5%) (Higgins et al. 1981) .
One special lithotype bore (Angahook 82) revealed that the seam comprises various bands of brown-coal lithotypes, each band being 1-2 m thick (Higgins et al. 1981) . The banding chiefly comprises medium light (51.5%) to medium dark (29.6%) coal lithotypes, with the remainder being dark (10.8%) and light (8.1%) lithotypes. The A seam contains up to five lightening-upward lithotype cycles approximately every 6-8 m (Figure 8 ), with the prominent clay split in the western side of the mine occurring near, or at the top of, the second cycle ( Figure 9 ). Holdgate and Clarke (2000) compared the lightening-upward lithotype cycles at Anglesea to other brown-coal lithotype cycles at Bacchus Marsh, Altona and Latrobe Valley. They concluded that the cycles are comparable but thinner, probably because of the greater compaction (higher coal rank) at Anglesea, and that the cycling itself was a depositional product of watertable changes.
The A seam lithotypes were mapped across the mine area in five transects for this project, and the coal cycles and other boundaries positioned with regard to a datum along the coal-seam floor ( Figure 9 ). Samples were also taken for colorimeter readings on powdered dry coal using a Hunterlab Colorimeter at the Herman Research Laboratories, Melbourne. This instrument measures three colour components (lightness, redness and yellowness) giving numerical values that can be calibrated to standard lithotypes. These data, in most cases, confirmed the field interpretations.
Five lightening-upward cycles are apparent for the two eastern transects where the full coal thickness is preserved. These cycles correspond to the five cycles in Angahook-82 bore (Figure 8 ). The three western transects show erosion to the upper two cycles at the A Group coal seam/Boonah Formation unconformity. The most western transect also preserves evidence that cycle 2 is largely replaced by the interseam split that divides the seam into A1 and A2 subseams. Occurrences of quartz sand were noted in coal at this general stratigraphic level across the mine area, and a comparable interseam split is known from drill data to the east of the mine area. Thus, a marked 'interseam influence' prevailed through the coal swamp during the time of cycle 2. The occurrence of resin (tree sap) and leaf litter horizons are indicated (Figure 9 ), although it is not clear whether these features have regional stratigraphic significance.
The underlying B and C Group seams were cored in lithotype bore Jan Juc-60, the results of which are shown in Figure 8 (derived from Higgins et al. 1981) . To the authors' knowledge, no other lithotype data exist for these older groups of seams. The data suggest lightening-upward coal lithotype cycles are frequent and occur over similar thicknesses to those in the A Group coal seam. However, there are more frequent interseam sediment splits that generally occur at or around cycle boundaries. The thickest continuous coal seam occurs in the C Group, where two cycles stack together to form 22 m of continuous coal. In general, the proportions for each lithotype component are similar to the A Group coal seam, with a small increase in relative abundance of lighter lithotypes (from 8.1 to 13.4%). Gloe (1971) described coal analysis data for six bores in the B and C Group seams. Weight-averaged moisture content is 45.3% with a variance of 4.6%. Ash content averages 6.4% (dry basis) (variance of 3.6%). Three to four percent of this ash comprises mainly calcium and magnesium sulfates with medium to low iron oxide content. Soda and chlorine rarely exceed 0.1% of the coal. The rest of the ash is adventitious sand and clay (SiO2 and Al2O3). Sulfur content in the coals systematically decreases with depth; ranging over 3% for the B1 and B2 seams, and averaging 2.1% for B3 seam and 1.2% for the C seam. Coal maceral analysis for B and C Group seams suggests a high vitrinite content (>95%), low liptinite (3%) and minor inertinite (0.5%) (Higgins et al. 1981) .
STRATIGRAPHY AND SEDIMENTOLOGY OF THE OVERBURDEN AT ANGLESEA MINE Boonah Formation
Unconformably overlying the A Group coal seam in the Anglesea coal mine, and in nearby bores, are clean sandstone with minor carbonaceous shale. Down dip the sandstones increase from 10 m to 70 m in thickness. These sediments belong to the Boonah Formation (Holdgate 1996; Smith 1998) . The basal coarse channel gravels and sandstones overlie the A Group seam at an erosional angular unconformity (Figures 10-13, 14a ). The unit is thickest in the Anglesea Syncline, it thins to the northeast and southwest outside the synclinal area. The unconformity surface defines the upper boundary of the Eastern View Group. Due to this unconformity, the Boonah Formation is placed in the Demons Bluff Group rather than the Eastern View Group. The formation lies within the N. asperus palynological Zone, but it is uncertain whether it belongs to the Lower or Middle N. asperus Zone. Available dating offshore suggests it belongs to the Middle N. asperus Zone (Figure 4 ).
In the Anglesea coal mine, the Boonah Formation is up to 32 m thick. It comprises cross-cutting, coarse-grained sand-channel units in the upper and lower 10 m, with interbedded shale and carbonaceous (leafy) siltstone occurring in the middle 10-12 m (Figure 11 ). The basal coarse facies is exposed mainly in the central part of the Anglesea Syncline (Traverses T1, T6, T8; Figure 11 ) and onlap the top of the A coal seam to the west (Figure 14a ). Cross-cutting, fining-upward channel units range between 1 m and 3 m thick and extend laterally from 30 m to 50 m. Finer grained overbank deposits are poorly represented, but where preserved, consist of planar-laminated carbonaceous siltstone (Figure 14b ). The middle 10-12 m of the Boonah Formation consists predominantly of finer grained shale and siltstone lenses interbedded with fine-grained channel sandstone. The lenses often form complexes of vertically overlapping shale lenses 1-5 m thick and 30 m wide, separated by fine channel sandstone units (Figures 13, 14c) . The shale and siltstone lenses are interpreted to represent finer grained sediments deposited by lower energy channels and braided systems within meander loops and oxbow lakes. They may contain abundant plant debris and leaf litter. The shale lenses are usually trough-shaped and infill channel sands. The fine-grained sandstone units are laminated and partially cross-bedded. They are usually carbonaceous and contain abundant plant leaf matter. This facies unconformably overlies the A coal seam in the old part of the mine, where its lowest few centimetres are ferruginised quartz gravel deposits (Figure 14a) .
The upper 10 m of the Boonah Formation is composed of fine-to coarse-grained sandstone similar in appearance to the basal unit. It is seen mainly towards the axis of the Anglesea Syncline (Figures 11, 13) , and is progressively truncated to the west by the overlying erosional disconformity. Cross-cutting, fining-upward channel units range between 1 m and 3 m in thickness and 30-50 m in width ( Figure 13 ).
From the facies of the mine exposures, the Boonah Formation is interpreted to preserve fluvial-deposited, high-energy channel sandstones, that up-section became more braided and meandering, associated with an increase in lacustrine deposits. There was no marine influence detected in the finer grained units as indicated by the absence of dinoflagellates in palynology samples.
Regionally, the Boonah Formation can be identified by its generally clean (low gamma) log profile to the northeast across the Bald Hills Anticline and can be correlated across the Bells Beach Syncline, where it appears to thin out on its northern flank ( Figure 6 ). In the offshore Torquay Basin, Boonah Formation sandstones (up to 141 m thick) were considered to be hydrocarbon reservoir targets in the three offshore wells. Volcaniclastics are present in the formation in Wild Dog 1 (Trupp et al. 1994) .
Salt Creek Formation (new name)
The Salt Creek Formation (new name; Appendix 1) disconformably overlies the Boonah Formation in the Anglesea coal mine (Figures 10-13, 14d ). The disconformity can be traced along the highwall of the current mine for over 1 km. Upper units of the Boonah Formation are locally eroded out along the line of the disconformity, which is demarcated at the base by a series of stratigraphically correlatable channel features. The formation comprises micaceous kaolinitic sandstone and carbonaceous mudstone 20-25 m thick. This unit includes a localised 1 m-thick coal seam a few metres above the base, and a more regional 2 m-thick coal seam approximately 10 m above the base that can be correlated across the current mine highwall. The measured sections (T1, T8; Figure 11 ) are most representative of this formation. The lowest 10 m comprises interbedded carbonaceous sandstone and thin coal seams. The sandstones are more poorly sorted and finer grained than in the Boonah Formation. Other than for the basal channels, most beds are 666 G. R. Holdgate et al. (Figure 11 ). Dinoflagellates (Spiniferites sp.) were found in both samples and suggest that a short-duration marine transgression occurred onto coastal peat swamp facies below. The upper 10-15 m of the Salt Creek Formation comprises sheet-like sandstone with small-scale, low-angled channel features, some with fining-upward profiles, and some laminated and cross-bedded units. As for the lower beds of this formation, the sandstone is finer grained, poorly sorted with a higher siltstone and shale matrix, and of more sheet-like geometry compared to the underlying Boonah Formation.
The Salt Creek Formation is interpreted to represent a complex of low-energy fluvial channel and braided sheet-like sands deposited on a lower coastal plain, which periodically became higher energy channel-like with increased downcutting into earlier deposits. A major disconformity is produced by this downcutting at the base of the formation. Short-duration marine flooding events (preserved as burrowed silty sandstone containing marine dinoflagellates) followed the infilling of the downcut surface. The remaining facies preserve low-energy fluvial channel and braided sheet-like sandstone and shale-filled meander loops, and the localised development of thin coal swamps. The coaly nature of this formation justifies that a distinction be made between it and the overlying Anglesea Formation.
Anglesea Formation
The upper highwall succession in the Anglesea coal mine comprises up to 20 m-thick red to purple carbonaceous and pyritic siltstone to fine sandstone, referred to in the present study as the lower beds of the Anglesea Formation (see Appendix 1 for revised definition) ( Figure 13 ). The upper beds of this formation are exposed in coastal cliff sections, where it has been referred to as the 'lower Anglesea Member' (Reeckmann & Partridge 1988; Smith 1998) . At the Anglesea coal mine, this formation appears to overlie the Salt Creek Formation on an erosional contact that can be linked across the mine face as a series of stratigraphically connected sandstone channels. The disconformity contact is a 0.1 m shale layer between cross-bedded micaceous fine quartz sandstone of the top Salt Creek Formation below, and the homogenous micaceous fine quartz sandstone of the overlying Anglesea Formation. Other more localised low-angle channel forms occur at the bases of overlying units, such as at samples 1.68 and 1.69 (T1; Figure 11 ), where pervasive limonite cements form ferricrete layers in the coarser grained channel bases. Red limonite staining appears to increase rapidly over the top 5 m of the member, and is associated with weathering from the present ground level. Interbedded carbonaceous shale and laminated siltstone units immediately overlie the basal channel layers, and form a 5-7 m-thick unit along the mine face. The basal silty shale of this unit is pyritic and contains dinoflagellates Spiniferites, Cleistosphaeridium and Cyclonephelium sp. (sample 8.4 in T8; Figure 11 ) indicative of a short-duration marine transgression.
The Anglesea Formation in the Anglesea coal mine is interpreted to represent a complex of low-energy fluvial channel and braided sheet-like sands deposited on a lower coastal plain, which periodically became higher energy channel-like with increased downcutting into earlier deposits. At least one short-duration marine flooding event (preserved as pyritic shale containing marine dinoflagellates) followed the infilling of the basal downcut surface. The remaining facies preserve low-energy fluvial channel and braided sheet-like sandstone and shale-filled meander loops.
STRATIGRAPHY AND SEDIMENTOLOGY OF THE ANGLESEA COASTAL SECTIONS
In coastal outcrops and bores, the Anglesea Formation comprises carbonaceous pyritic shaly siltstone, fine sandstone and silty shale with burrows and arenaceous foraminifers, suggesting deposition in a restricted shallowmarine environment. More detailed descriptions and sedimentology of the coastal outcrops are described in Crespin (1952, 1955) , Abele (1979) , Reeckmann (1979 Reeckmann ( , 1994 , Abele et al. (1988) , Reeckmann and Partridge (1988) , George and Wallace (1992) and Webb (1995) . Figure 15 illustrates the location and sedimentology of the measured sections between Aireys Inlet and Bells Headland as remeasured by Smith (1998). Reeckmann and Partridge (1988) described a regional erosion surface between their upper and lower members of the Anglesea Formation, with the upper member occurring within the Upper N. asperus Zone and the lower member within the Middle N. asperus Zone. Based on nearby well control, it is considered likely that their lower member equivalents are present in the Anglesea coal mine (the Anglesea Formation; discussed earlier), but the upper member is not exposed in the mine highwall sections. Because their lower member is not the 'lowest' beds of the Anglesea Formation, it is recommended that their lower member be referred to as the upper beds of the Anglesea Formation. Their upper member renamed the Addiscot Formation in the present study; this was originally described as the Addiscott Member by Crespin (1952 p. 117, 1955 pp. 91, 117) , with the type section at Addiscot Beach (southwest side of Bells Headland) (Figure 15 between 6 m and 18 m). Correlation of the section between Addiscott Beach and Anglesea Main Beach ( Figure  15) shows that the Anglesea Formation and Addiscot Formation can be separated by a widespread disconformity and downcut surface as recognised by Reeckmann and Partridge (1988) between their upper and lower members of the Anglesea Formation. Although the originally named Addiscott Member has been considered a weathering phenomena (Singleton 1973), we consider that a distinct unit exists between the 'typical' Anglesea and Angahook lithologies, which validates the original observations and terminology of Crespin (1952, 1955 (Figure 15 ).
DISCUSSION

Inter-regional correlations and Otway Ranges uplift
A thick succession of mudstone and basal sandstone that underlies coal measures of the Eastern View Group in the Anglesea Syncline is similar in age, lithology and log character to the Pember Mudstone and Pebble Point Formation in the adjacent Otway Basin (as indicated in Figure 6 ). Stanley (1994) has also remarked on this similarity. The M. diversus Zone ages obtained for the overlying B and C Group coal seams and associated sediments are similar (yet more coaly) to the upper part of the Dilwyn Formation in the Otway Basin. Coal seams of these zones are also common in the Bass and Gippsland Basins (Brown 1975a,b; Partridge 1976; Baillie & Bacon 1989; Baillie 1992) . They preserve similar coarsening upward cyclic units on gamma-log profiles, a characteristic of the deltaic Dilwyn Formation in the Otway Basin (Holdgate 1981; Arditto 1995) . However, the A Group coal seam is not known to be present in the Dilwyn Formation of the eastern Otway Basin, but its age equivalent probably occurs in the more southern (and younger) progrades to the Dilwyn Formation of the offshore Port Campbell Embayment (Arditto 1995) . The Kingston brown-coal deposit at the western end of the Otway Basin in South Australia has a similar Lower N. asperus Zone age and is thought to be a contemporaneous deposit (Harris 1980; Wood 1981; Meyer 1982b; Holdgate & Clarke 2000) . These relationships suggest: (i) stratigraphic continuity existed between the Otway and Torquay Basins in the early part of the Palaeogene; (ii) that the basins were the same; and (iii) that the Otway Ranges were not a structural divide at this time (i.e. there existed a single sedimentary basin between Kingston in the west and the MorningtonKing Island High in the east). Given the continuity of coal seam ages within the Bass Basin, it is probable that there was also some stratigraphic continuity between the Torquay and Bass Basins. We suggest that interpretations of Otway Ranges' uplift (based on the fission track history of the Lower Cretaceous Otway Group) primarily refer to mid-Cretaceous compression and uplift of a proto-Otway 
Tertiary coal rank trends of the Otway area and uplift history
In low-rank brown coals, moisture content can be used as a coal rank indicator (Edwards 1948; Stach et al. 1982;  672 G. R. Holdgate et al. George & Mackay 1991). For brown coals of the Otway area the following rank order can be made: Benwerrin (30%) > Anglesea (44%) > Wensleydale/Deans Marsh (53%). This geographical relationship for rank order appears similar to isoreflectance contours in the underlying Otway Group (Cooper & Hill 1997) , where the highest Lower Cretaceous black-coal vitrinite reflectances occur along the axis of the Otway Ranges to Barrabool Hills (which includes Benwerrin). Vitrinite reflectances decrease to the southeast into the Anglesea area (Figure 1 ) and northwest towards the Wensleydale area (Cooper & Hill 1997) . Cooper and Hill's (1997) estimated original burial depths for the Benwerrin coal of 1.0-1.5 km is based on a reflectance of Ro 0.4%, in which a coal moisture content of 30% occurs. However, this appears excessive in view of the known stratigraphy nearby.
The maximum present-day overburden to the Anglesea A Group coal seam is 180 m at the coast, but an unknown amount has been stripped from the various unconformities above. As a guide, similar moisture contents occur in Eocene T2 coals at Longford (Gippsland Basin), where burial depths of 500 m occur and where the overlying Tertiary section is more or less complete . The maximum known preserved Tertiary thicknesses along the Anglesea to Torquay coast is at a present 650 m (Figure 3 ), but an additional 150 m of Middle to Upper Miocene, present offshore, may have been removed from the onshore sections (Dickinson et al. 2001 ). In the northeastern Otway Basin in the Barwon Downs Graben, immediately adjacent to the Otway Ranges, the maximum recorded Tertiary thickness is 400 m, although some unconformities may occur. We suggest that the burial depths for Anglesea coal (with 44% moisture content) could have been ~500-600 m, with a maximum of 800 m, using the known sections (and the estimates of stripping). The Wensleydale/Deans Marsh coals have the lowest rank (53% moisture), similar to Latrobe Valley coal moistures in the Traralgon Syncline where burial depths are <300 m.
Because a trend of decreasing Tertiary thickness takes place towards the Otway Ranges from both sides, it seems unlikely that Benwerrin coal on the crest of the ranges was buried to 1.0-1.5 km. We consider that an alternative explanation for the high axial Tertiary and Cretaceous Otway Ranges coal ranks is required. Apart from burial depth, other known factors that increase brown-coal rank in Victoria are compression by folding (tectonic effects), relative abundance of lithotypes (petrographic effects), and thermal-volcanic (heating) effects (Edwards 1945 (Edwards , 1948 . Dealing with each of these factors in turn, the following points can be made.
(1) The compressional effects are probably similar for Benwerrin, Anglesea and Wensleydale deposits, as all three are tightly folded into synclines. Therefore, localised folding and compression is unlikely to have caused the rank variations.
(2) In the Latrobe Valley, brown-coal lithotypes can vary in moisture content up to 5% between dark and light/pale types. Therefore, the relative abundance of lithotypes can alter total coal seam moisture content (George & Mackay 1991). However, this variability decreases with increasing coal rank, and moisture content for Anglesea lithotypes varies by less than 3% (Higgins et al. 1981) . Although data on lithotype moistures are not available for Benwerrin or Wensleydale coal, they may be similar to Anglesea. Hence, we believe lithotype variability is probably not a significant factor to brown-coal rank in the Otway Ranges area.
(3) Thermal effects that can increase coal rank vary between contact metamorphism from nearby extrusive and/or intrusive volcanic sources, to unnaturally higher geothermal gradients (e.g. where shallow underlying basement occurs or where regional gradients are high due to volcanic sources). New magnetic and gravity interpretations suggest that the Otway Ranges are atypical for onshore Victorian basins because they are underlain by Neoproterozoic sedimentary basement rocks of the Tasmania plate (Simons & Moore 2000) . These Neoproterozoic basement rocks are thought to have a higher heat flow than the Palaeozoic Victorian basement rocks that underlie the rest of the onshore basins, although the reason for this is not evident (D. H. Moore pers. comm. 2000).
(4) Lower Cretaceous coal seams along the crest of the Otway Ranges have the highest levels of maturation for shallow depths then anywhere else in the Otway Basin (Struckmeyer 1988) and this maturation appears to be the same in the Paleocene brown coals. Extremely high vitrinite reflectances compared with present temperature gradients (the gradthermal model of Kantsler et al. 1978) occur along the axis of the Otway Ranges and Paraparap High (e.g. Olangolah 1 vitrinite reflectances (Rm) range from 1.14% near the surface to 5.93% at 2.2 km; and Hindhaugh Creek 1 ranges from 1.05% near the surface to 6.00% at 2 km). These high levels of coal rank developed early in the Cretaceous and would have persisted for some time during the mid-Cretaceous. Peak temperatures probably exceeded 200°C and geothermal gradients were of the order of 100°C/km (Struckmeyer 1988) . Petrological data indicating a high geothermal gradient were recorded during redrilling of the Hindhaugh Creek 1 well (Figure 1 ), including the presence of hydrothermal quartz veinlets and natural coke, suggestive of temperatures greater than 500°C (Pyecroft & Millheim 1970; Meyer 1983) .
(5) The high temperature gradients were not induced by burial depth alone, but must have been strongly augmented by a local heating source. Such a source may include dyke swarms in Cretaceous rocks (Edwards 1934) to the common Tertiary Older Volcanics plugs, sills and flows in the northeastern Otway Basin and Torquay Basin.
Records of volcanic intrusions include basalts in Upper
Cretaceous sediments in the Seaview 1 well near Port Campbell (Tickell et al. 1992) . Intrusions in the Pebble Point Formation occur at Mt Murray near Colac (Tickell et al. 1992) and were referred to as the Yaugher Volcanics by Lakey and Leonard (1982) . Dates of 59 Ma have been recorded on basalt in the Straun 2 bore near Colac (McKenzie et al. 1984) , and various ages of 30-26 Ma are recorded for sills and flows in the Gellibrand province (Abele & Page 1974; McKenzie et al. 1984; Price et al. 1988) , which is also near the Otway Ranges area.
Therefore, based on the evidence presented, we tentatively suggest that relatively high geothermal gradients existed in the area of the Otway Ranges during the Early Cretaceous and that these high gradients were still present during the Early Tertiary when the brown coals formed.
Sequence stratigraphy of the Palaeogene succession at Anglesea
Sequence-stratigraphic analysis is best applied to nearshore environments where alternations of marine and non-marine conditions occur. In Gippsland Basin browncoal measures, similar to Anglesea coal, the identification of marine interseam transgressions into the coal measures enables the application of sequence-stratigraphic methods (Holdgate & Sluiter 1991; Holdgate et al. 1995; Holdgate & Clarke 2000) . The presence of erosional disconformities and other unconformities can also be diagnostic of sequence boundaries and correlated to the Haq et al. (1988) coastal onlap curves (Figures 4, 6) .
In coastal sections Reeckmann (1994) described three sequences in the ' Anglesea Sand' that are now given formation status as the Addiscot, Anglesea and Salt Creek Formations. The sequence boundaries were placed at 36 Ma and 33 Ma, and the top of the formation was correlated to the Haq et al. (1988) (Reeckmann & Partridge 1988) . In contrast, the radiometric age for the Angahook Formation basalt at Aireys Inlet is 27.0-26.5 Ma (Abele & Page 1974) , placing it in the Late Oligocene, although Bourton (1988) has suggested that the basalt may in part be an intrusion into the Point Addis Limestone. However, palynological and nannofossil dates that are closer to the basalt date occur in samples from the Angahook Member at Point Addis and Bells Headland. These include a P. tuberculatus Zone age (Reeckman & Partridge 1988) , late P22-P21 nannofossil dates at Bells Headland (Shafik 1988) and foraminifers in overlying Jan Juc Marl no younger then P21b/P22 boundary (Li et al. 1999) .
A reconciliation of the coastal cliff sequence stratigraphy (Reeckmann 1994) to that of the Anglesea coal mine area is shown in Figure 4 and is described below.
(1) The Angahook Formation probably represents pyroclastic sediment deposition partly contemporaneous with the age of the basalt (i.e. ca 27 Ma). The oldest age for the formation based on foraminifers would, therefore, be early Late Oligocene, with a basal sequence boundary at 30 Ma. The Upper N. asperus Zone dating for the interbedded pyroclastics and sediments at Aireys Inlet, Urquhart Bluff and Soapy Rocks may, therefore, include reworked sediment and spores derived from the underlying Addiscot Formation, rather than in situ material.
(2) The Addiscot Formation should be correlated with sequences TA4.4 and/or TA4.5, which is consistent with the range of the Upper N. asperus Zone. Therefore, we consider a lower sequence boundary age of 36 Ma the more likely base for the Addiscot Formation instead of the 33 Ma sequence boundary proposed by Reeckmann (1994) .
(3) The base of the Anglesea Formation would logically best correlate with the TA4.3 sequence cycle with a basal sequence boundary age of 37 Ma. This is consistent with the palynology age of Middle N. asperus Zone. In the upper part of the highwall at the Anglesea coal mine, the Anglesea Formation overlies the Salt Creek Formation with a disconformity or sequence boundary. The disconformity or sequence boundary can be traced across the opencut area, with relief of up to 5 m, and cuts out underlying beds of Salt Creek Formation. Approximately 10 m above the disconformity, a 1-2 m-thick bed of pyritic shale contains dinoflagellates of marine origin. We interpret this bed to represent a maximum flooding surface separating underlying units (transgressive systems tract?) from overlying units (highstand systems tract?).
(4) The Salt Creek Formation does not outcrop in the coastal exposures, where borehole data at Anglesea township suggest that the top of the member occurs approximately 80 m below sea-level (Smith 1998). In the Anglesea coal mine the Salt Creek Formation disconformably overlies the Boonah Formation and is traceable over the 2 km length of the opencut. Because it cuts out underlying beds of the Boonah Formation, we interpret this as another sequence boundary. Approximately 10 m above the disconformity, a carbonaceous shale and thin coal seam interval is overlain by 1-2 m of well-burrowed siltstone containing dinoflagellates of marine origin. We interpret this to represent a maximum flooding surface, separating underlying units (transgressive systems tract?) from overlying units (highstand systems tract?). The base of the Salt Creek Formation could correlate with the Haq et al. (1988) 38.0 Ma sequence boundary, representing deposition within sequence cycle TA4.2. This agrees with Middle N. asperus Zone palynology evidence from clay lenses near the base of the formation (Christophel et al. 1987 ).
(5) The age of the base of the Boonah Formation is difficult to determine as it is diachronous in the mine area and, in the Torquay Basin area, tectonism is indicated by an angular unconformity. Its component high-energy channel systems probably represent deposition in a highstand systems tract, as no transgressive facies or maximum flood surfaces are recognised. Without additional palynology evidence, we consider that the Boonah Formation could correlate to part of the Haq et al. (1988) Sequence Cycle TA4.1 (39.4-38.0 Ma).
(6) The A Group coal seam occurs in the Lower N. asperus palynological Zone. Correlation to the Haq et al. (1988) coastal chronostratigraphic charts indicates that the zone includes five sequences with boundaries at 46.5 Ma, 45.5 Ma, 42.5 Ma, 40.5 Ma and 39.5 Ma. Christophel et al. (1987) concluded that the A Group coal seam occurs in the upper part of the zonal range based on the palynomorph assemblage. We therefore consider that the coal may lie within part of the TA 3.5 and/or TA 3.6 sequence cycles. Considering the angular unconformity described earlier, we would prefer the older TA3.5 age (42.5-40.5 Ma), as interpreted by Holdgate and Clarke (2000) . (7) The sandstone interval underlying the A Group coal seam in nearby groundwater bores lies within the P. asperopolus Zone (Stanley 1994). The zonal range includes several Haq et al. (1988) sequence cycles. Preference has been given to the TA2.9 cycle based on the Otway Basin work of Harris (1985) . (8) In nearby groundwater bores the B1 coals and associated sediments are in the Upper Malvicipollis diversus Zone, whereas B2 and B3 seams and associated sediments are in the Middle M. diversus Zone (Stanley 1994).
They probably relate to the TB 2.5 to TB 2.7 (53.0-50.5 Ma) sequences.
(9) Coal maceral compositional differences occur between the Anglesea A to B1, and B2 to C Group seams (Higgins et al. 1981) . Similar coal compositional changes are seen throughout the Bass, Gippsland and Otway Basins at this time (Smith 1981 (Smith , 1986 Holdgate et al. 1986) . They may relate to the implied sea-level changes associated with the changes from warm-temperate to near-tropical conditions in the Paleocene -Early Eocene to climatic cooling in the Middle Eocene (Smith 1986).
(10) An erosional surface along the top of the C1 coal seam produces lateral discontinuities and is probably a sequence boundary. It demarcates a dominantly coaly interval from non-coaly sediments below. From limited palynological data, the C Group coals occur towards the base of the Lower M. diversus Zone (Stanley 1994), possibly the TB 2.4 (54.2-53 Ma) sequence.
CONCLUSIONS
New mapping of highwall exposures at the Anglesea coal mine show a stratigraphic section throughout the upper 35 m-thick coal seam of the Eastern View Group, overlain with a low-angle unconformity by the Boonah Formation, Salt Creek Formation and the lower stratigraphic units of the Anglesea Formation. The three formations can be identified on the basis of lithology and are separated by disconformities. The total exposed section amounts to more than 90 m vertically and 2 km along strike in the Anglesea coal mine.
The mine section can be correlated from borehole data with previously described Eastern View and Demons Bluff Groups exposed in coastal cliff sections along the adjacent Anglesea to Torquay coast. Drilling of a number of new bores for recent coal and groundwater exploration provided new data on the extent of the coal measures in the Anglesea area, and the underlying Tertiary successions. This exploration has now defined several new southeast-and eastdipping structural features, including the Anglesea Syncline, Bald Hills Anticline, Bells Beach Syncline and the northeast-trending Paraparap High.
The stratigraphy below the coal measures is similar to the Otway Basin and suggests that the intervening Otway Ranges were not present during the Paleocene and Early Eocene. The similarities suggest that the Wangerrip Group of the Otway Basin and the Eastern View Group of the Torquay Basin are laterally equivalent, and that they share common formation units, such as the Pebble Point Formation, Pember Mudstone and Dilwyn Formation. The lack of major coaly units in the Otway Basin may be a result of Middle Eocene erosional truncation rather than major facies differences.
The brown coals of Anglesea are a useful economic resource for power generation. Their rank is higher than any other Tertiary coals in Victoria, and they tend to show similar patterns of rank distribution to the underlying Otway Group, suggesting that higher than normal geothermal gradients extended into the early part of the Tertiary in this area. Some Tertiary uplift in the adjacent Otway Ranges probably caused the unconformity between the coal measures and the Boonah Formation in the Middle to Late Eocene, possibly at ca 40-39 Ma, but most uplift occurred sometime later, probably in the Late Miocene or younger.
Comparisons can be made between Anglesea depositional cycles, sequence-stratigraphic cycles, and coastal onlap curves. These suggest that some of the observed disconformity boundaries, such as the base of the Salt Creek Formation, the base of the Anglesea Formation and the base of the Addiscot Formation, are sequence boundaries. At least two marine incursions occurred as indicated by the presence of dinoflagellates, which probably represent maximum flooding surfaces in the Salt Creek and Anglesea Formations. G. R. Holdgate et al.
APPENDIX 1: STRATIGRAPHIC NOMENCLATURE
The following definitions and descriptions apply to the new and redefined formations of the Demons Bluff Group described in this paper.
Salt Creek Formation (new name)
Type section Anglesea coal mine, Anglesea. AMG 252500E, 5746260N, southern batters, southwest corner, traverse T1 (Figure 11 ; RL +3.0 to +31.0 m a.s.l.). Designation The second lowest formation of the Demons Bluff Group, the lowest being the Boonah Formation. Thickness 20-25 m. Description Micaceous kaolinitic sandstone and carbonaceous mudstone. The unit includes a localised 1 m-thick coal seam a few metres above the base, and a more regional 2 m-thick coal seam approximately 10 m above the base that can be correlated across the current mine highwall. Boundary contacts Lower boundary defined by a disconformity and channel cut into the underlying Boonah Formation. Upper boundary defined by a disconformity and channel filled with the overlying Anglesea Formation. Age Late Eocene, Middle Nothofagidites asperus Zone (Christophel et al. 1987) .
Anglesea Formation (redefined; previously 'Anglesea Siltstone')
Type section The original type section for the Anglesea Siltstone was defined as being in the Demons Bluff coastal cliffs shortly northeast of the mouth of the Anglesea River; Raggatt and Crespin's (1955) Section 1. This is illustrated in Figure 15 approximately at Black Rocks, AMG 258600E, 5746250N. A more complete section, however, occurs at Jarosite Headland, AMG 261200E, 5748200N; also Anglesea coal mine, Anglesea, AMG 252500E, 5746260N, southern batters, southwest corner, traverse T1 (Figure 11 ; RL +31.0 to +50 m a.s.l.). Previous names In coastal outcrops and bores, the Anglesea Formation was first defined by Crespin (1952, 1955) as the Anglesea Siltstone. Later the Anglesea Siltstone was redefined and combined with the Addiscott Greywacke (a unit above) as the Anglesea Sand (Singleton 1973) or Anglesea Member (Abele 1979; Abele et al. 1988 ) with lower and upper members. Reeckmann and Partridge (1988) referred to the Anglesea Sand as a formation with a lower and upper member separated by a disconformity. Based on nearby well control, it is considered likely that their lower member equivalents are present in the Anglesea coal mine (the Anglesea Formation, discussed earlier), but the upper member is not exposed in the mine highwall sections. Because their lower member is not the 'lowest' beds of the Anglesea Formation, it is recommended in the present study that their lower member be referred to as the upper beds of the Anglesea Formation. It is also recommended that their upper member be renamed the Addiscot Formation as originally described as the Addiscott Member by Raggatt and Crespin (1952 p. 117; 1955 pp. 91, 117) . Designation The third lowest formation of the Demons Bluff Group. Thickness >20 m; approximate total thickness could be up to 50 m. Description The upper beds of this formation are exposed in coastal cliff sections where it has been referred to previously as the lower Anglesea Member (Reeckmann & Partridge 1988; Reeckmann 1994; Smith 1998) (Figure 15 : between 0 m and 6 m on Addiscot Beach section; and between 0 m and 25 m on Jarosite Headland section). In the Anglesea coal mine (Figure 11 ) the lower beds of this formation are up to 20 m thick. They comprise red to purple carbonaceous and pyritic siltstone to fine-grained sandstone. An intervening unexposed section up to 20 m is estimated from bore data between the coastal section and the mine section. Boundary contacts Lower boundary defined by a disconformity and channel cut into the underlying Salt Creek Formation. Upper boundary defined by a disconformity and channel cut filled by the overlying Addiscot Formation as seen at Addiscot Beach and Jarosite Headland.
